to concentrate small quantities so that they can be detected by diazotization, but unfortunately, the diazo reaction itself is not specific for this substance. For these reasons a method was sought by which the presence of smaU quantities of PABA could be determined specifically without recourse to the laborious, non-quantitative, and sometimes impracticable procedures of chemical isolation and identification.
The remarkable specificity of adaptive bacterial enzymes toward the particular substrates which stimulated their production has been demonstrated many times (17) . The adaptive bacterial enzymes described by Dubos and Miller (18) now are widely used for the specific identification of creatine in biological materials. The possibility suggested itself that bacteria might exist which could produce enzymes that would specifically attack PABA. The present paper describes the isolation and certain characteristics of a soil bacillus, previously reported (19) , which, when grown in the presence of PABA, produces specific adaptive enzymes that readily oxidize this compound. Techniques are presented which make it possible to use this bacterium for the specific identification of small quantities of PABA. It will also be shown that this bacterium can produce specific adaptive enzymes that destroy anthranilic acid.
Materials and Methods
p-Aminobenzoic Acid.--A supply of PABA was obtained from the Eastman Kodak Co. A solution of the sodium salt containing 0.4 gin. per 100 cc. was prepared by dissolving the acid in distilled water and adjusting to pH 7 by the addition of NaOH. The solution was sterilized in the autoclave and stored in the ice box. The quantitative measurement of PABA was carried out byehe diazotization technique described by Bratton and Marshall (20) . The color intensity developed was measured by means of an Evelyn type photoelectric colorimeter. The activity of PABA as an inhibitor of sulfapyridine bacteriostasis was measured by the technique described by MacLeod (21) in which a smooth strain of E. coli was used as the test bacterium.
Salt Mixture Containing PABA.--The original isolation of the soil bacterium was carried out in a mixture containing NaC1 0.5 per cent and phosphate buffer to a concentration of x~/50 in tap water. Ten rag. of PABA, as the only source of carbon and of nitrogen, was added to each 100 cc. of this mixture.
Casein HydroIysate Medium.--The chemically defined medium described by Sahyun and his coworkers (22) to which was added an acid hydrolysate of casein, known to be free of sulfonamide inhibitor, in a proportion of 2 gm. per liter, was used for the measurement of the activity of PABA as a sulfonamide inhibitor. This medium will subsequently be referred to as "casein hydrolysate medium."
EXPEP, XM~NTAL
Demonstration of Activity of a Soil Bacillus on PABA.--In the following manner it was shown that there is a soil bacillus capable of attacking PABA.
Aliquots of the salt mixture containing PABA were buffered at pH 6, pH 7, and pH 8, and then 10 cc. of each aliquot, respectively, was placed in each of eight large test tubes. Half of the tubes containing the solution at each pH were then inoculated with about 0.2 gin. of an acid soil mixture, while the other half received an equivalent amount of a mixture of alkaline soils. The cultures at each pH were handled in different ways: some were incubated aerobically, others anaerobically; some were held at room temperature (about 22°C.), while others were kept at 37°C. The PABA concentration in each culture was measured daily.
At the end of 1 week there was no measurable decrease in the PABA content of any of the cultures with the exception of those two which were inoculated with the alkaline soil mixture, buffered at pH 8, and held under aerobic conditions either at room temperature or at 37°C. After 7 days' incubation about 50 per cent of the PABA was destroyed in the alkaline aerobic culture which had been incubated at 37°C. and about 25 per cent in the similar culture held at room temperature. At no time was there appreciable bacterial growth in any of the tubes as estimated by gross turbidity, but films from the two active cultures at the end of a week, when stained by the Gram technique, showed a great variety of bacterial forms. No single bacterial species was obviously predominant.
Isolation of the Bacterium in Pure Culture.--Ten serial transfers into the salt mixture containing PABA were made from the active alkaline soil culture. It was hoped that, as the result of adaptation, more abundant growth of the active bacteria might occur and that by serial transfers the inactive bacterial species might be eliminated. Slow decomposition of PABA took place in each transfer culture during a week's aerobic incubation at 37°C. In the tenth transfer bacterial growth was still inapparent as judged by turbidity and the stained film still showed a great mixture of bacterial forms. When this mixed culture was streaked on a blood agar plate and incubated, six bacterial species were found to be numerically predominant. None of these species seemed capable of appreciable reproduction when they were inoculated in pure culture into the salt mixture containing PABA and none of the PABA in the solution was destroyed. All of the species grew abundantly upon the casein hydrolysate medium buffered at pH 7.8, and when PABA was added to this medium it immediately became evident that one of the six bacterial species was capable of • attacking this substrate. It was originally believed that PABA would be metabolized only when it was provided as the sole source of nitrogen or carbon, but it became apparent that PABA was actually attacked most actively by the bacterium in a medium which supported the most abundant bacterial growth. In the simple salt mixture, less than 5 mg. of PABA per 100 cc. was destroyed after 7 days' incubation, while in the casein hydrolysate medium as much as 10 to 15 mg. of PABA per 100 cc. was completely destroyed during 12 to 14 hours incubation.
Description and Cultural Characteristics of the Bacterium.--The bacterium is a thin, motile, strictly aerobic Gram-negative rod. No spores are formed and the bacterium is very sensitive to heat. It is killed by immersion of the culture for 5 minutes in a water bath at 45°C. The organism grows well at 37°C. When cultivated on meat infusion peptone agar, the colonies grow slowly and are small, smooth, opaque, and light gray in color. The bacillus thrives not only in the casein hydrolysate medium but in ordinary beef infusion broth containing peptone, at an optimal pH of 7.8 on which it forms a thin pelllcle. It grows most abundantly when the liquid medium is in a shallow layer, not more than 1 cm. in depth. The baciUus does not form acid or gas with any of the sugars tested and does not reduce nitrates to nitrites under aerobic conditions. Cultures make litmus milk alkaline. Gelatin is not liquified. No H~S or indole is found. The Voges-Proskauer and methyl red reactions are negative. These preliminary tests indicate that the organism may belong to the family .Pseudonumaceae. 1 The growth of the bacterium in the casein hydrolysate medium was not stimulated by the addition of PABA. It is of interest that the bacteria which were grown in a medium containing about 0.1 mg. or more of PABA per cc. were non-motile whereas cells of the same age from a culture containing no PABA were actively motile. Concentrations of PABA greater than 2 mg. per cc. in the casein hydrolysate medium were actually bacteriostatic for small inocula (6,000 cells).
An early observation showed that a washed suspension of the bacterial cells which had been grown in a medium containing no PABA possessed measurable but very slight activity in attacking this substance. This intrinsic activity of the non-adapted cells will henceforth be referred to as basal activity, and the non-adapted bacterial cells as basal cells. A washed suspension of the cells which had been grown in a medium containing PABA possessed a much enhanced activity in destroying this compound. An investigation concerning the adaptive nature of the bacterial enzymes which destroy PABA and the minimal amount of substrate necessary for activation was therefore undertaken.
Adaptive Nature of the Bacterial Enzymes.--A study of the adaptive nature of the bacterial enzymes was made in the following way.
A series of twofold dilutions in distilled water was made from a heavy suspension of bacterial cells. The turbidity of the bacterial suspensions was determined by use of the photoelectric colorimeter and a nephelometric curve was prepared. A suspension of bacteria in 10 cc. of PO, buffer at pH 7.8 which gave a turbidimetric reading of 38 on the scale was arbitrarily selected as 100 units of bacterial cells. When compared with the McFarland (23) nephelometric scale this was equivalent to the turbidity of the tube containing 0.57 cc. of 1 per cent barium chloride solution per hundred cc. of the acid mixture.
The bacteria were cultivated in casein hydrolysate medium and in the same medium to which had been added PABA in concentrations varying between 1 gamma and 10 gamma per cc. After 10 hours' incubation at 37°C, the bacterial cells were separated by centrifugation and washed twice with u/I00 phosphate buffer at pH 7.8. The washed cells from 500 cc. of medium were suspended in 10 cc. of buffer. One cc. volumes of serial twofold dilutions of this suspension in phosphate buffer were placed in 50 cc. centrifuge tubes. The tubes were placed in a water bath at 37°C. Exactly 1 cc. of phosphate buffer solution containing 10 gamma of PABA was added to each de~'cpoyed 
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tube and the tubes were shaken for exactly 30 minutes. The reaction was then stopped by the addition of 0.5 cc. of 4 N HC1 to each tube. This did not measurably alter the turbidity of the bacterial suspension. The volume was brought to 10 cc. by the addition of distilled water and, after determining the turbidity of the suspension, the number of units of bacterial ceils was estimated by reference to the previously prepared nephelometric curve. The cells were then removed by centrifugation and the quantity of PABA in the dear, add, supernatant fluid was measured colorimetrically after diazotization. Under these experimental conditions, the linear relationship which exists between the number of bacterial cells and the percentage of PABA destroyed is illustrated in Fig. I .
It was found experimentally that varying the amounts of substrate from 10 gamma to 800 gamma did not appreciably alter the rate of destruction of the substrate. When small numbers of ceils were used, the rate increased arithmetically in proportion to the amount of enzyme which for convenience was expressed as cell units. With larger amounts of cells the rate increased less rapidly, and, when an excess (about 350 units) of cells was present, no further increase was apparent. As stated above, the non-adapted bacterial ceils grown in casein hydrolysate medium containing no PABA possessed a slight inherent basal enzymatic activity. A convenient expression for the enzymatic activity of a bacterial suspension is the number of gamma of PABA destroyed by 20 units of washed cells in 30 minutes at 37°C. The basal activity of non-adapted cells was found to vary in different experiments from 0.5 gamma to 3.6 gamma, but was usually about 2.0 gamma. It will be seen in Fig. 1 that as little as 1 gamma of PABA per cc. of growth medium stimulated a measurable increase in the enzymatic activity of the bacterial cells above the basal level, and larger amounts of PABA stimulated much greater activity. For example, twenty units of ceils maximally stimulated by growth for 12 to 16 hours in casein hydrolysate medium containing 1 to 2 mg. per cent of PABA, possess an enzymatic activity of about 50 gamma, that is 25 times higher than the basal level.
The Lability of the Adaptive Enzymes.--It soon became evident that the enhanced enzymatic activity against PABA of bacterial ceils grown in the presence of PABA was a labile and transient attribute; for instance, the first subculture of activated ceils in a medium containing no PABA yielded organisms with only basal activity. Therefore, an attempt was made to determine how quickly ceils adapted by growth in the presence of PABA would return to a state of basal activity after all the substrate had been destroyed by the cells in the growth medium.
Five hundred cc. of the casein hydrolysate medium containing 1 gamma per cc. of PABA was inoculated with the soil bacillus. Mter 11 hours' incubation at 37°C. all of the PABA in the medium had been destroyed. At this time a 50 ce. aliquot of the culture was removed and the enzymatic activity of a suspension of the washed cells in PO4 buffer was tested by the procedure described above. Suspensions of washed cells from other 50 cc. aliquots of the culture, removed after 13, 15, 17, 21, t4, and 35 hours' incubation, were tested by the same technique. The amount of substrate destroyed in the test by these cells was plotted against the units of bacterial cells used. The results of these tests are shown in Fig. 2 .
It can be seen that the cells which were removed from the culture after more than 15 hours' incubation, i.e. 4 hours after the PABA had been destroyed in the medium, showed some loss in their ability to destroy PABA, while the activity of those removed after 21 hours' incubation, that is, 10 hours after the destruction of all the PABA in the medium, had fallen to exactly the basal level of other cells which had been grown in a medium containing no PABA. The Oxidative Nature of the Adaptive Enz~w~s.--It seemed of importance to determine the nature of the process by which the soll bacillus decomposed PABA and, if possible, the end products formed by the reaction. Because the microorganism is a strict aerobe it seemed probable that the enzyme systems concerned were of the oxidative type and that useful information could be obtained by manometric measurement of the bacterial respiration in the presence of PABA.
The soil bacillus was inoculated into two flasks each containing 100 cc. of the casein hydrolysate medium. One flask contained 1 mg. per cc. of PABA and the other con-tained none of this substance. After 24 hours' growth the cells were removed by centrifugation, washed, and resuspended in 5 cc. of PO4 buffer at pH 7.8. Exactly 0.5 cc. of the suspension of washed adapted cells, equivalent to the number of bacteria in about 10 cc. of the original culture, was placed in the side arm of each of eight Warburg flasks. A similar series of eight flasks containing the washed non-adapted cells was also set up. Two cc. of PO, buffer containing 0.02 mg. of PABA was placed in the body of each flask of both series. Appropriate control flasks containing PO, buffer as well as washed suspensions of adapted and non-adapted cells respectively were included. Mter equilibration at 37°C. the cells and substrate or buffer were combined and the mixtures shaken at 37°C. The oxygen uptake was measured in each case. At 5 minuteintervals flasks containing the adapted cell-substmte mixture were removed from the water bath and the reaction stopped by the addition of 0.5 cc. of 4 N HCI. Flasks containing the non-adapted cell-substrate mixture were similarly removed and the reaction stopped at 15 to 30 minute intervals. In each case the net oxygen uptake in the flasks containing PABA was determined by subtracting from the total oxygen consumption the oxygen uptake in the control flask containing the washed cell-buffer mixture without PABA. The amount of PABA destroyed in both series during each interval was determined by diazotization.
It.can be readily seen from Fig. 3 that the curves of oxygen uptake and PABA destruction by the adapted cells were nearly identical. It is, moreover , evident that the adapted cells had destroyed all of the PABA within 20 minutes. Furthermore, with the adapted cells, there was no significant oxygen uptake after 20 minutes. The non-adapted cells had destroyed almost none of the substrate at 20 minutes and only about 30 per cent at 2 hours. The increased speed of the reaction after 2 hours with the non-adapted cells was probably due to adaptation of the cells during the course of the experiment.
A definite amount of oxygen was consumed in the oxidation of a given quantit'y of PABA. It, therefore, seemed probable that information concerning the end products of the oxidation reaction could be obtained by measuring' the oxygen consumption. In seven separate experiments a total of 231 gamma of PABA was found to have been oxidized by 252.6 mm? of oxygen. In other words, 6.7 molecules of oxygen actually combined with one molecule of PABA. Seven molecules of oxygen are absorbed by one molecule of PABA to satisfy the empiric reaction:
It is believed that the 6.7 molecules which were experimentally found are within the limits of error of the technique employed. It seems reasonable to suppose that the soil bacillus ruptures the benzene ring of PABA and, by oxidation, further converts this compound into carbon dioxide, water, and ammonia.
Specificity of the PABA-Oxidizing Enzymes.--The specificity of the PABAoxidizing enzyme system was investigated. A number of substances chemically related to PABA were used.
In each case the bacillus was grown for 12 hours in casein hydrolysate medium conmining 1 rag. per cent of the substance to be tested. The PABA-oxidizing enzyme activity of a washed suspension of these cells was tested by the techniques which have been described. The enzyme-stimulating activity of each substance was expressed as a ratio of the increase in PABA-oxidizing activity of the cell suspension as compared with the basal activity of non-adapted cells in the same experiment. As stated above, the bacteria usually had a basal activity such that 2 gamma of PABA was destroyed by 20 units of washed cells in 30 minutes at 37°C. The results of these experiments are presented in Table I . The substances tested which were able to stimulate the PABA-oxidizing enzymes are grouped together in Table I . Each of these substances was destroyed by the bacillus. It is of interest that all except p-toluic acid either contain a free amino group in the para position or were shown to form one under the influence of the bacterial cells. Those substances which do not stimulate the specific PABA-oxidizing enzymes are also grouped together in Table I . The underscored compounds give a positive diazo reaction. Benzoic acid, p-hydroxy benzoic acid, and ptoluic acid were oxidized with equal facility by either the basal or the specifically adapted cells. These compounds do not contain the essential p-amino group and the bacteria grown in the presence of the first two were not specifically adapted to oxidize PABA. The apparent slight stimulating activity of ptoluic acid cannot be explained on this basis. The acetylated derivative of PABA was deacetylated readily by both the adapted and non-adapted cel/s but, after deacetyiation, only the adapted cells were capable of the oxidation of the PABA thus freed. The meta isomer of PABA was not attacked. The ortho isomer was slowly destroyed by the soil bacillus but did not stimulate the specific PABA-oxidizing enzymes. It is evident that the only diazotizable substance tested, since acetylated PABA and p-nitrobenzoic acid are not diazotizable, which can specifically stimulate the PABA-oxidizing enzymes and which is readily attacked by the washed specifically adapted bacterial ceils, is PABA itself.
The Bacterial Enzymes Specifically Attacking Antkranilic Acid (OABA).--
It has been previously shown by other workers that certain bacterial species, in the dissimilation of tryptophane, may alter this substance to produce anthranilic acid, the ortho isomer of PABA. Sasaki (24) found that anthranilic acid (OABA) was formed together with kynurenic acid when a strain of Bacillus subtilis attacked tryptophane. Supniewski (25) showed that a strain of Pseudomonas pyocyaneus not only formed anthmnilic acid from tryptophane but further broke down the anthranilic acid so formed to carbon dioxide water and ammonia. This strain of P. pyocaneus, however, did not attack PABA or its meta isomer. It can be seen in Table I that the adaptive PABA-oxidizing enzymes were not stimulated when the soil bacillus described in the present paper was grown in the presence of anthranilic acid. Anthranilic acid, however, was slowly destroyed, about 1.5 gamma in 30 minutes at 37°C. by 20 units of PABA-adapted cells. It was found that anthranilic acid was destroyed at the same rate by non-adapted cells. When grown in the presence of anthranilic acid, however, the bacillus produced adaptive enzymes which were specifically directed against OABA, though it possessed only the usual basal activity against PABA. The ortho enzymes are analogous to but apparently distinct from the PABA-oxidizing enzymes. The ortho enzymes are not so readily stimulated as the para enzymes. Cells grown for 12 hours in a medium containing 1 nag. percent of anthranilic acid have an activity ratio of 10 as compared with the activity of basal cells. This contrasts with an activity ratio of 25 for the para enzyme system.
Bacterial cells which were grown in a medium that contained tryptophane were stimulated to attack anthranilic acid to about the same degree as were those grown in the presence of anthranilic acid itself. The ortho enzymes were not stimulated by incorporating in the growth medium certain other degrada-tion products of tryptophane, namely, indole, indole-3-acetic acid, indole-3-butyric acid, skatole, or kynurenic acid. The bacteria were capable of simultaneous specific adaptation against both PABA and OABA if these substances were present together in the medium in which the cells were grown.
The Bacteriostatic Effect of Sulfapyridine upon the Soil Bacillus.IThe soil bacillus is extremely susceptible to the bacteriostatic effect of the sulfonamide drugs. As little as 0.1 nag. of sulfapyridine per 100 cc. of medium was bacteriostatic for small inocuia (5,000 cells) when tested in the casein hydrolysate medium. When tested in fresh liver infusion (26) , which contained no sulfonamide inhibitor, greater concentrations of sulfapyridine were necessary to cause bacteriostasis. This may be explained by the fact that the soil bacillus itself was capable of releasing a potent sulfonamide inhibitor when grown in liver infusion or in the presence of an inhibitor-free alcohol and acid-ether extract of liver infusion. The chemical nature of this inhibitor is at present unknown. Although this inhibitor was soluble in alcohol and extractable in acid ether, as is PABA, it did not give the diazo reaction. Moreover, when PABA, p-nitrobenzoic acid, or the acetylated derivative of PABA was added to liver infusion it was readily decomposed during the growth of the soil bacillus. For this reason it is improbable that the inhibitor produced by the soil bacillus in liver infusion is any one of these compounds.
In the case of the soil bacillus, as with other bacterial species, PABA in small concentration acted as a potent inhibitor of sulfonamide bacteriostasis. The presence of sulfapyridine in the medium did not prevent, however, the oxidation of PABA by the bacillus. If the soil bacillus was inoculated into casein hydrolysate medium containing both PABA and sulfapyridine, each in a concentration of 5 rag. per cent, the bacillus grew abundantly and the diazotizable material in the medium decreased until there was only that quantity left which could be accounted for by the sulfapyridine present. Sulfapyridine itself was not attacked by the bacterium. Therefore it may be assumed that the PABA was destroyed even in the presence of an excess of sulfapyridine.
The Inhibitory Effect of Sulfanilic Acid and the Sulfonamide Drugs on the
Enzymes of the Soil Bacillus.--As is the case with most bacterial species, large inocula of the soil bacillus grew, although sluggishly, in the presence of sulfanilic acid, sulfanilamide, sulfapyridine, sulfathiazole, or sulfadiazine. A study of the para and ortho enzymes under these conditions was made.
The soil baeiUus was grown in casein hydrolysate medium at pH 7.8 which contained 1 rag. per cent of either sulfanilic acid or one of the indicated sulfonamide drugs. The washed bacterial cells from these cultures were tested, by the techniques which have been described, for their activity in attacking PABA and OABA.
The para enzymes were not stimulated when the bacilli were grown with snlfanilic acid. In fact, as is shown in Table I , their activity was markedly depressed below the usual basal level of non-adapted cells. Under these conditions the activity of the ortho enzymes too was markedly depressed below the basal level. An attempt was made to stimulate the adaptive enzymes of cells which had been grown in medium containing sulfanilic acid. To this end they were shaken in the presence of 0.2 mg. per cc. of PABA for 1 hour at 37°C. It was then found that the para enzyme system had been fully stimulated and that the activity of the heterologous ortho enzyme system had returned to the basal level. When cells grown in medium containing sulfanilic acid were shaken with OABA the homologous orthd system became fully stimulated and the depressed heterologous or para enzyme system returned to the usual basal level.
A Technique for the Enzymatic Identification of PABA and OABA.--By use of the specific adaptive enzymes of the soil bacillus it can be determined readily whether PABA or OABA is present in an unknown diazotizable mixture.
To perform the test the bacillus was specifically adapted by growth for 12 to 16 hours in two flasks of casein hydrolysate medium which contained 20 mg. of PABA or 20 rag. of OABA respectively per 100 cc. Washed suspensions of these specifically adapted cells were prepared, as previously described. Three solutions were prepared in PO4 buffer at pH 7.8 which contained respectively 10 gamma per cc. of PABA or OABA and a similar amount of the unknown substance as determined by diazotization. One cc. of each type of specifically adapted bacterial suspension, of approximately the same turbidity and containing 10 to 20 units of washed cells, which represented the cells from about 20 cc. of medium, was then placed in each of three 50 cc. centrifuge tubes and partially immersed in a water bath of 37°C. Exactly 1 cc. of each of the three solutions containing PABA, OABA, or the unknown diazotizable substance was then added to each type of adapted cell suspension. The mixtures were shaken for approximately 30 minutes at 370C. Then the reactions were stopped by the addition to each tube of 0.5 cc. of 4 N HC1, the cells removed by centrifugation, and the diazo color developed. It was found that the specifically adapted cells destroyed all of the homologous substrate. They attacked only a small amount (<3 gamma) of the heterologous substrate. If the unknown substance was either PABA or OABA it also was destroyed by the cells specifically adapted against the homologous isomer. Since the non-adapted or basal cells were known to possess some enzymatic activity, an excess of non-adapted cells would destroy the small amounts of substrate used in the experiment. It was, therefore, essential to employ in the test only small and comparable quantities of the two specifically adapted bacterial suspensions.
Despite the fact that sulfapyridine is not capable of blocking the oxidation of PABA by the specific enzymes, it is possible that there may exist other substances capable of inhibiting this reaction. To test this possibility, the reaction should also be carried out after the addition of appropriate amounts of PABA or OABA to the unknown material. If the added PABA or OABA is not destroyed quantitatively by the specifically adapted cells under these conditions it is obvious that the diazotizable substance originally present in the unknown material might still be PABA or OABA even though it were not destroyed by the specifically adapted cells.
DISCUSSION
Substances which inhibit the bacteriostafic action of sulfonamide drugs are widely distributed in nature. Lockwood (27) showed that peptone contained an inhibitor of sulfanilamide. MacLeod (21) demonstrated the presence of sulfonamide inhibitors in urine and in most of the fresh and all of the autolyzed or hydrolyzed animal tissue studied. Fresh liver and kidney, however, contained no sulfonamide inhibitor. Boroff and Bullowa (28) have described the presence' of a sulfonamide inhibitor in human blood. Sulfonamide inhibitors have been described either in the culture medium or in cell extracts of all the bacterial species studied by Stamp (29) , Green (30) , Fleming (31) , and MacLeod (21).
Woods (10) postulated that the sulfonamide inhibitor in yeast might be p-aminobenzoic acid (PABA) and this substance has been actually isolated from yeast by Rubbo and Gillespie (1) and by Blanchard (32) . Green and Bielschowsky (33) have described in extracts of B. melitensis, B. para-melitensis, and staphylococcus a diazotizable substance with some of the characteristics of PABA. It was present, however, in amounts too small to permit isolation or Complete identification by the methods employed. It has been previously reported (34) that when a strain of pneumococeus Type I which has been made sulfonamide-fast in vitro was grown in fresh liver infusion medium originally containing no sulfonamide inhibitor (26) there was released in the medium a diazotizable substance which was shown to be PABA by the specific enzymatic techniques described in the present paper. The sulfonamide-susceptible parent strain produced only about one-tenth as much of this substance.
Recently Landy and is coworkers (35) , using a strain of Acetobacter suboxidans for the bioassay of PABA, presented evidence that strains of Staphylococcus aureus which had been rendered sulfonamide-resistant in vitro produced more PABA than the susceptible parent strains. They (36) were able to show, moreover, that all of the genera of bacteria they investigated which could be successfully cultivated in synthetic media elaborated PABA to a greater or lesser degree.
It by no means follows, however, that all of the sulfonamide inhibitors found in nature are PABA. Loomis, Hubbard, and Neter (37) have obtained from yeast a fraction containing a sulfonamide inhibitor that is insoluble in ether, is not diazotizable, and is not inactivated by acetylation. Green and Bielschowsky (33) have described a sulfonamide inhibitor in extracts of the bacterial strains mentioned above which does not have the characteristics of PABA. Methionine is, under certain conditions, an inhibitor of sulfonamide bacteriostasis (38, 39) . Kohn and Harris (40) have also shown the sulfonamide inhibitory action of guanine, adenine, and certain amino acids in vitro. Martin and Fischer (41) have found that adenine is an effective antagonist of sulfonamides in vivo. Moreover, as stated, a powerful sulfonamide inhibitor was produced when the soil bacillus described in the present paper was grown in inhibitor-free fresh liver infusion. This inhibitor cannot be PABA, p-nitrobenzoic acid, or the acetylated derivative of PABA in that each of these substances is readily destroyed by the soil bacillus. The substance produced by the soil bacillus is not methionine in that it shows antisulfonamide activity in a thousandfold dilution, even when tested in a medium which contains methionine.
It has been reported that PABA is an accessory growth factor for certain bacterial species. Two such species, Clostridiurn acetobutyUcum and Acetobacter suboxidans, have been suggested (1, 4) for the biological assay of PABA as a bacterial growth factor. The assay of PABA by the use of these bacteria is extremely sensitive. It has been stated that PABA in a dilution of 10 -1~ will, in the presence of biotin, stimulate the growth of Clostridium acetobutylicum (12) and in a dilution of 10 -9 will stimulate the growth ofAcetobacter suboxldans (4) . In the case of each of these bacterial species, however, the test is not entirely specific. According to the studies of Rubbo and Gillespie (16) there are a number of substances closely related to PABA which show appreciable activity as growth factors for this Clostridium, and p-aminophenylacetic acid in even more active than PABA itself. Anthranilic acid is 100,000 times less active than PABA but, in a concentration of 2 gamma per cc., it too stimulates the growth of the Clostridium. It has been shown that under certain circumstances anthranili~ acid may be formed from tryptophane by the action of bacteria (24, 25) . There is sufficient free tryptophane in blood (42) to account for the activity of this substance as a growth factor for Clostridlum acetobutylicum if the tryptophane were converted to anthranilic acid. Many other substances contain sufficient tryptophane to provide a possibly source of error when assayed by this technique.
Anthranilic acid does not stimulate the growth of A cetobacter suboxidans, and tryptophane is included in the basal medium that has been suggested for microbiological assays of PABA with this bacterium (4, 43) . It would therefore seem preferable to use Acetobacter suboxidans instead of Clostrldium acetobutyllcum for the microbiological assay of PABA as a bacterial growth factor. There are, however, a number of substances chemically related to PABA which show a slight but appreciable activity in stimulating the growth of Acetobacter suboxidans (4) .
A second possible source of error when assaying growth factors for microorganisms has been pointed out by Robbins (44) . Working with fungi of the genus Ceratostomella he has shown that many species may possess partial deficiencies. A compound may be capable of stimulating growth when supplied alone but be much more active as a growth factor when supplied together with another substance. In assaying any unknown mixture there is always the possibility that other, perhaps unrelated, factors may act substituively or additively to stimulate the growth of the microorganism. In fact Landy and Streightoff (45) have recently pointed out that purines may act as growth accessories for Acetobacter suboxidans, and, unless they are present in the basal medium, unknown mixtures, rich in purlnes and containing PABA, will give high assay values for PABA.
A third possible source of error which may be encountered in the biological assay of bacterial growth factors is suggested. It is well known that in certain instances, strains of bacteria may develop the capacity to grow in the absence of substances which originally were necessary for growth. For example, freshly isolated strains of E. typhosa may require typtophane for growth, but after adaptation may thrive in the absence of this substance (46) . It seems quite possible that a similar mechanism might operate in certain instances in the ease of PABA.
The soil bacillus described in this paper apparently differs in regard to the metabolism of PABA from other bacterial species studied. PABA is not an accessory growth factor for the bacillus nor is this substance released in detectable quantities into the medium in which the bacilli have been grown. On the contrary, PABA is apparently completely destroyed in any medium in which this bacterium is grown. The bacillus is extremely sensitive to the bacteriostatic action of sulfapyridine and this action is reversed, as in the case of other bacterial species, by PABA, despite the fact that PABA is oxidized in the presence of high concentrations of sulfapyridine. It is usually assumed that the sulfonamides act as bacteriostatic agents by competing with PABA for the bacterial enzymes concerned with the metabolism of the latter substance. If this mechanism applies in the case of the soil bacillus it is necessary to assume that the bacillus contains other enzymes for the metabolism of PABA than those discussed in the present communication.
A technique for the specific determination of PABA or anthranilic acid by use of the adaptive enzymes of a soil bacillus has been suggested in the present communication. The sensitivity of this technique is limited merely by the sensitivity of the diazo reaction, which will measure a one to a million dilution of the compound. The great specificity which characterizes adaptive bacterial enzymes in general and the enzymes of this bacillus in particular, may, however, recommend this technique, despite its lesser sensitivity, as a check on other methods in use for the specific biological identification of PABA. Insofar as is known, this is the only method that has been described for the specific microbiological identification of anthranilic acid. SUMMARY 1. A soil bacillus has been isolated capable of developing specific adaptive enzymes which oxidize PABA apparently to carbon dioxide, water, and ammonia. A few related compounds which, however, do not give the diazo reaction are similarly attacked.
2. This bacillus is also capable of developing analogous but apparently independent adaptive enzymes specifically directed against anthranilic acid, the ortho isomer of PABA.
3. Sulfapyridine is bacteriostatic for this bacillus and this effect is inhibited as in the case of other bacterial species by PABA. Other effects of the sulfonamide drugs and sulfanilic acid upon the specific oxidative enzymes have been described.
4. The specific adaptive enzymes of this soil bacillus may be used for the identification of as little as 10 gamma of either PABA or OABA. A method is described for carrying out these determinations.
5. The possible advantages of this enzymatic method as compared with the more sensitive but less specific techniques which measure the activity of PABA as a growth factor for certain bacterial species have been discussed.
